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Abstract. Compelling experimental evidences of neutrino oscillations and their implication that neutrinos
are massive particles have given neutrinoless double beta decay (ββ0ν) a central role in astroparticle
physics. In fact, the discovery of this elusive decay would be a major breakthrough, unveiling that neutrino
and antineutrino are the same particle and that the lepton number is not conserved. It would also impact
our efforts to establish the absolute neutrino mass scale and, ultimately, understand elementary particle
interaction unification. All current experimental programs to search for ββ0ν are facing with the technical
and financial challenge of increasing the experimental mass while maintaining incredibly low levels of
spurious background. The new concept described in this paper could be the answer which combines all the
features of an ideal experiment: energy resolution, low cost mass scalability, isotope choice flexibility and
many powerful handles to make the background negligible. The proposed technology is based on the use
of arrays of silicon detectors cooled to 120 K to optimize the collection of the scintillation light emitted
by ultra-pure crystals. It is shown that with a 54 kg array of natural CaMoO4 scintillation detectors of
this type it is possible to yield a competitive sensitivity on the half-life of the ββ0ν of 100Mo as high as
∼ 1024 years in only one year of data taking. The same array made of 40CanatMoO4 scintillation detectors
(to get rid of the continuous background coming from the two neutrino double beta decay of 48Ca) will
instead be capable of achieving the remarkable sensitivity of ∼ 1025 years on the half-life of 100Mo ββ0ν
in only one year of measurement.
1 Introduction
In this paper we propose a novel approach to neutrinoless
double beta decay searches which uses high performance
solid state detectors to read the scintillation light emitted
by large mass crystals with high energy resolution.
Neutrinoless double beta decay is an extremely rare
phenomenon hypothesized long time ago but never ob-
served. Its discovery would be a major breakthrough in as-
troparticle physics, since it would demonstrate the lepton
number non-conservation and unveil the Majorana char-
acter of the neutrino, i.e. prove that the neutrino is equal
to its own anti-particle. At the same time it would allow to
assess the absolute neutrino mass scale with high sensitiv-
ity and would help point us towards the proper extension
of the Standard Model of Particle Physics. This justifies
the large number of experimental programs devoted to
the search of this decay with different techniques. On the
other hand, all these programs are facing with the techni-
cal and financial challenge of increasing the experimental
mass while maintaining the contribution of the spurious
background at incredibly low levels.
The technique proposed in this paper is the combina-
tion in a single device of all the demanding features needed
by next generation experiments: high energy resolution,
low cost mass scalability, flexibility in the choice of the
double beta decaying isotope, and many powerful handles
to keep the background negligible. Its novelty is the en-
hancement and optimization of the collection of the scin-
tillation light emitted by ultra-pure crystals through the
use of arrays of high performance silicon photodetectors
cooled to 120 K. This would provide scintillation detectors
with 1% level energy resolution and a µs time resolution.
We show that with a small array (∼ 54 kg) of such detec-
tors it is possible to yield in only one year of measurement
a competitive physics result in the search for the neutri-
noless double beta decay of 100Mo using natural CaMoO4
scintillating crystals (i.e. without enriching in 100Mo or
depleting in 48Ca isotopes). This result would pave the
way to a new class of ton scale experiments to search not
only for neutrinoless double beta decay with potentially
zero background, but also for dark matter and neutrino
charged current reactions.
2 Neutrinoless double beta decay
In recent years, the discovery of neutrino oscillations un-
ambiguously proved that neutrinos are massive particles
and thus provided the first confirmation of the existence
of new physics beyond the Standard Model [1]. However
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oscillation experiments cannot shed light on the funda-
mental open issues concerning the absolute mass values
or the quantum nature (Dirac or Majorana fermions) of
neutrinos. Neutrinoless double beta decay is a lepton num-
ber violating process with the unique feature of being the
only feasible means to provide insight into both the above
questions. In fact its existence would imply that neutrinos
are massive Majorana fermions and could put important
constraints on the absolute mass scale [2,3].
Double beta decay (ββ) is a very rare nuclear process
in which a nucleus (A, Z) decays into its (A, Z+2) isobar.
As the expected decay rates are extremely low, the choice
of the parent nuclei is limited to those which are more
bounded than the intermediate ones (to avoid the back-
ground caused by the sequence of two single beta decays):
this condition is met for a number of even-even nuclei.
In the Standard Model of Particle Physics ββ is allowed
with the contemporary emission of 2 electrons and 2 anti-
neutrinos (ββ2ν), and it has indeed been observed experi-
mentally in a dozen of isotopes with half-lives of the order
1018 − 1021 y. Non-standard decay channels appear when-
ever the Majorana character of the neutrino is allowed. In
this case the lepton number is not conserved and neutri-
noless decay modes are possible. Neutrinoless double beta
decay (ββ0ν) can proceed via different mechanisms, the
simplest one being the virtual exchange of a light Majo-
rana neutrino between the two nucleons. In this case the
decay rate is proportional to the square of the so-called
effective Majorana mass |〈mββ〉|:
[T 0ν1/2]
−1 =
|〈mββ〉|2
m2e
G0ν |M0ν |2 (1)
where T 0ν1/2 is the decay half-life, G
0ν is the two-body
phase-space integral, M0ν is the ββ0ν Nuclear Matrix El-
ement (NME), and me is the electron mass. The product
F 0νN = G
0ν |M0ν |2 includes all the nuclear details of the
decay and it is usually referred to as nuclear factor of
merit. While G0ν can be calculated with reasonable accu-
racy, the NME value is strongly dependent on the nuclear
model used for its evaluation. Significant improvements
towards compatibility among various theoretical models
have been achieved in recent years, even if discrepancies
of about a factor 2-3 still exist. Fig. 1 summarizes the cur-
rent situation [4,5,6,7,8,9,10,11,12,13].
The effective Majorana mass is a coherent sum over
mass eigenstates with complex Majorana phases and it
can be parametrized as a function of neutrino oscillation
parameters. The expected allowed ranges for |〈mββ〉| as
a function of the lightest neutrino mass are depicted in
Fig. 2, where the solid lines are obtained by taking into
account the errors of the oscillation parameters (at 3σ
level).
Experimentally, ββ0ν searches rely on the measure-
ment of the two electron signal. In the so-called homo-
geneous or calorimetric experiments the active volume of
the detector contains the double beta decaying isotope
(source = detector). Since the energy of the recoiling nu-
cleus is negligible, the sum kinetic energy of the two elec-
trons is equal to the Q-value of the transition (Qββ). This
Fig. 1. Neutrinoless double beta decay half-lives calculated for
|〈mββ〉|=50 meV with different most recent theoretical models
for several ββ0ν candidates.
Fig. 2. The left panel shows the expected ranges for |〈mββ〉|
as a function of the lightest neutrino mass. The two sets of
solid lines correspond to the Normal (lighter line with hori-
zontal hatch) and Inverted (darker line with diagonal hatch)
Hierarchies, which merge for |〈mββ〉|≥ 0.1 eV into the degen-
erate mass pattern. The width of the hatched areas is due to
the unknown Majorana phases and thus irreducible. The cen-
tral and right panels show the dependencies of |〈mββ〉| as a
function of the summed neutrino mass and of the kinematical
mass |〈mβ〉| (reproduced from [1]).
monochromatic signal, is the main signature used by ex-
periments. On the other hand, given the rarity of the pro-
cess, the gathering of the ββ0ν counts is hindered by the
background events in the energy region under investiga-
tion. The sensitivity of a given ββ0ν experiment is usu-
ally expressed in term of the detector factor of merit F 0νD ,
defined as the process half-life corresponding to the max-
imum signal that could be hidden by a background fluc-
tuation nB at a given statistical Confidence Level (C.L.).
At 1σ level this is given by:
F 0νD = T
Back.F luct
1/2 = ln 2Nββ
T
nB
= ln 2
xηNA
A
√
MT
B∆
f(∆)
(2)
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with nB =
√
BTM∆, where B is the background level
per unit mass, energy, and time, M is the detector mass,
T is the measuring time, ∆ is the FWHM energy reso-
lution, Nββ is the number of ββ decaying nuclei under
observation, x is the stoichiometric multiplicity of the el-
ement containing the ββ candidate, η is the ββ candi-
date isotopic abundance, NA is the Avogadro number, A
is the compound molecular mass, and  is the detection
efficiency. Finally, f(∆) is the “analysis efficiency”, i.e.
the fraction of signal events that fall in an energy window
equal to the FWHM ∆ centered on Qββ (Region Of In-
terest or ROI). The experimental sensitivity F 0νD is then
translated into an effective Majorana mass sensitivity as
|〈mββ〉|−1 =
√
F 0νD · F 0νN showing both the slow depen-
dence (only with the fourth root) of |〈mββ〉| on the crucial
experimental parameters and how the isotope choice plays
a role in the game from the nuclear model point of view.
Apart from one controversial claim of evidence (in ten-
sion with several recent experimental results [14,15,16]),
no ββ0ν signal has been detected so far. Experimental
half-life lower limits exist for many isotopes. Current best
sensitivities have been obtained for 76Ge, 82Se, 100Mo,
130Te, and 136Xe, and are at the level of 1024 − 1025 y,
which translate to |〈mββ〉| values between 0.2 and 0.7 eV,
depending on the ββ0ν candidate and on the correspond-
ing NME (see [17] for a recent review).
To improve these results several experimental programs
are currently on the way with a variety of challenging tech-
niques and with the common goal of approaching the In-
verted Hierarchy (IH) region of the mass spectrum (see
Fig. 2) in the next years. They require not only very strong
efforts towards the reduction of the radioactive background
in the region of interest, below the intrinsic limit set by
the ββ2ν continuous spectrum, but also good energy res-
olutions (approximately better than 2% at Qββ [17]). In
fact, an approximate expression for the ββ0ν signal S to
ββ2ν background B ratio in the ROI can be written as
[2]:
S
B
=
meT
2ν
1/2
7R6QββT 0ν1/2
(3)
where R = ∆/Qββ is the fractional FWHM resolution.
It is then clear that a bad energy resolution can spoil all
background reduction efforts, because of the broadening
of the upper tail of the ββ2ν continuous spectrum. Ta-
ble 1 reports the predicted count rates due to ββ2ν in a
ROI of 50 keV (therefore assuming a resolution of 1.7% at
3 MeV) as well as the number of expected ββ0ν signal
events for two different values of |〈mββ〉| (50 and 10 meV,
3σ boundaries of the IH region): the signal S to back-
ground B ratio is safely bigger than one for all candidate
isotopes. Finally, energy resolution plays a unique role also
when discussing the discovery potential of any given ex-
perimental approach, since it is a crucial parameter to
single-out the ββ0ν peak over an almost flat background.
When the background rate is so low that the expected
number of spurious events in the region of interest is close
to zero (ZB - Zero Background condition), the detector
factor of merit becomes:
F 0νZB = ln 2Nββ
T
nL
= ln 2
xηNA
A
MT
nL
f(∆) (4)
where the background is now described by nL, a constant
term which represents the maximum number of counts
compatible, at a given confidence level, with no counts
observed [1]. In this case the sensitivity to the ββ0ν signal
goes linearly not only with the isotopic fraction and the
detection efficiency, but also with the detector mass and
the measuring time, a particularly appealing regime for
next generation experiments.
From the above discussion the strategy for future ex-
perimental programs aiming at exploring the IH region is
clear:
• minimization of the environmental and cosmogenic ra-
dioactive background (experiments placed underground
with heavy shielding, careful selection of radiopure ma-
terials to build the experimental set-up, detector tech-
nology with active event identification capability and/or
event position reconstruction);
• large detector mass, on the tonne scale or larger, and
mass scalability;
• a well performing detector (good energy resolution and
time stability), with flexibility in the choice of the
ββ0ν isotope;
• a favourable ββ0ν candidate isotope (high Qββ value,
high natural isotopic abundance, short half-life, large
ratio of ββ0ν/ββ2ν in the ROI)
• a reliable and easy to operate detector technology re-
quiring little service on long run times;
Any of the proposed new projects [17] is a compromise
among these often conflicting requests (see also Table 2).
We show that large arrays of inorganic scintillators could
address all the above items in a single approach.
3 The benefit of scintillation detectors
In realm of ββ0ν calorimetric experiments, many tech-
niques are available. So far Ge diode detectors and bolome-
ters have provided excellent energy resolutions [18,19,20,
21], at the level of few parts per thousand, and both
offer promising solutions for background reduction. On
the other hand, both techniques suffer from limitations
in the achievable mass increase (mainly for cost reasons
in the case of Ge diodes, and also technological issues
in the case of bolometers). On the contrary, large scale
organic scintillation detectors provide mass scalability in
low-background environment without apparent limitations,
but suffer from a seemingly irreducible restriction in the
attainable energy resolution [15,22]. Finally, Xe (liquid
or gas) based TPC [14,23] are bound to a trade off be-
tween source mass and energy resolution, although they
may implement powerful, but complex, background abate-
ment concepts. The possibility to implement in a single
approach all the critical features – high energy resolution,
background abatement techniques and mass scalability –
4 V. Bonvicini et al.: A flexible scintillation light apparatus for rare event searches
Table 1. Properties of several ββ0ν candidates: Q-value, isotopic abundance, ββ2ν half-life. R2ν is the rate due to ββ2ν in a
FWHM of 50 keV centered around Qββ and is calculated using the Primakoff and Rosen approximation [24]. R0ν is the range
of ββ0ν count rates (from the different NME values of Fig. 1) expected for two values of |〈mββ〉| (the effect of the analysis
efficiency f(∆) has been included). Both R2ν and R0ν are expressed in counts per year per ton of ββ0ν candidate isotope.
Isotope Qββ η T
2ν
1/2 R2ν(50 keV) R0ν(mββ = 50 meV) R0ν(mββ = 10 meV)
[keV] [%] [y] [c/y/ton iso] [c/y/ton iso] [c/y/ton iso]
48Ca 4274 0.2 4.4× 1019 4.0× 10−2 1.4− 23.1 0.1− 0.9
76Ge 2039 7.6 1.8× 1021 2.5× 10−2 1.2− 12.2 0.05− 0.5
82Se 2996 8.7 9.2× 1019 6.8× 10−2 4.4− 38.7 0.2− 1.5
96Zr 3348 2.8 2.3× 1019 1.3× 10−1 3.9− 50.7 0.2− 2.0
100Mo 3034 9.6 7.1× 1018 6.8× 10−1 8.9− 71.3 0.4− 2.9
116Cd 2814 7.5 2.8× 1019 2.1× 10−1 6.8− 23.8 0.3− 1.0
130Te 2528 34.2 6.8× 1020 1.3× 10−2 3.6− 24.9 0.1− 1.0
136Xe 2458 8.9 2.1× 1021 4.8× 10−3 2.5− 14.0 0.1− 0.6
150Nd 3368 5.6 8.2× 1018 2.3× 10−1 9.1− 42.7 0.4− 1.7
Table 2. Main properties of most common calorimetric experimental techniques for ββ0ν searches.
Experimental approach FWHM resolution Mass ββ0ν isotope Background reduction
< 2% in the ROI scalability flexibility
Ge diodes X γ vs. α/β (event topology by PSD)
Bolometers X X β/γ vs. α (PSD and/or light/heat)
Organic scintillators X X
Liquid noble gas TPC X β/γ vs. α (light/charge), γ vs. β (topology)
Noble gas TPC X ββ vs. α/β/γ (event topology)
Inorganic scintillators X X X β/γ vs. α (PSD), γ vs. α/β (topology)
is the true challenge for next generation projects. Indeed,
large arrays of inorganic scintillators may be the solution
to that.
Inorganic scintillating crystals can be grown with high
level of intrinsic radiopurity and good scintillation proper-
ties (required for high energy resolution). Moreover, there
exist many scintillators containing ββ0ν candidate nuclei,
thus allowing a high flexibility in the choice of the scintilla-
tion detector (i.e. a wide range of ββ0ν candidates) with-
out the limitation imposed by other experimental tech-
niques. Furthermore, thanks to Quenching Factors1 (QF)
for α particles as small as 0.2 – which practically remove
all α background from the energy region around Qββ –
and intrinsic α/β discrimination ability (Pulse Shape Dis-
crimination or PSD) – useful to tag α − β coincidences
– scintillators offer powerful tools for background mini-
mization. Finally, large arrays of scintillating crystals can
be assembled with quite simple technological skills and
in rather low-cost experimental setups. Despite all those
features, this approach has not exploited its full potential
so far, the main reason being the relatively poor energy
resolution achievable with scintillating crystals optically
coupled to photomultiplier tubes (see next Section).
We discuss in this paper an innovative method to read
the scintillation light emitted by large mass scintillators
containing the ββ0ν candidate nuclei without degrading
1 The quenching factor is here defined as the ratio of the
light yield for an alpha particle or a nuclear recoil to that of
an electron or a gamma.
the energy resolution. In fact, the limit imposed to the
scintillator resolution by the carrier statistics alone is not
so crucial. Assuming to have a crystal that emits 10,000
photons per MeV – a value definitely reasonable for many
scintillators [25] – the relative FWHM resolution Rstat at an
energy of 3 MeV (close to the Qββ of many isotopes) in
the hypothesis of being able to collect all the photons can
be estimated as Rstat(FWHM) = 2.355/
√
3 · 10000 = 1.36%,
which corresponds to a FWHM energy resolution ∆ of 41 keV
at 3 MeV. Even if this value is not comparable to the res-
olution of Ge diodes or bolometers (which is of the order
of 4-6 keV at 3 MeV), it is not a limiting factor in the
case of a low background ββ0ν experiment (see also Ta-
ble 1). In the following we will demonstrate that it is possi-
ble to maintain this resolution performance even with the
complete readout chain. The great advantage of this new
method is the availability of a homogeneous detector with
the strongest potentialities towards background reduction
and the possibility to indefinitely scale the experimental
mass to boost the sensitivity towards unexplored regions
of the neutrino mass spectrum. This detection concept is
compared to the other techniques in Table 2.
4 The measurement technique
The basic idea of the proposed new technique is to opti-
cally couple suitable scintillating crystals to Silicon Drift
Detectors (SDD) at a working temperature around 120 K.
Indeed, many scintillating crystals have been used at low
V. Bonvicini et al.: A flexible scintillation light apparatus for rare event searches 5
temperatures showing improved light emission [26] with
respect to room temperature. On the other hand, in the
recent years there have been many advances in the light
detection using solid state devices [27]. The innovative
idea is to combine these features to provide the winning
technology for future experiments.
Table 3 lists a selection of scintillating crystals containing
interesting ββ0ν candidate nuclei with transition energy
above the 208Tl γ peak (the most energetic and intense
γ line from natural radioactivity) - crucial issue to fulfill
the ZB condition. All of them have fairly well known scin-
tillation properties at low temperatures [26,25] and offer
Light Yields (LYs) well above the 10000 ph/MeV value
considered in the previous section. Therefore, all of them
are potentially good candidates for high resolution detec-
tors. It is worth stressing here that the development of
inorganic scintillators is a field of continuous innovation
that keeps on offering new crystals with competitive char-
acteristics for many applications – see e.g. [25].
The key point is to avoid a degradation of the res-
olution (i.e. a loss of carriers) when the crystal is cou-
pled to a proper device to detect the scintillation signal.
For example, the use of commercial phototubes introduces
strong limitations because of low quantum efficiency Q –
of the order of 40% in the best cases – and rather narrow
spectral response, which implies that many of the crys-
tals of Table 3 do not emit light within the wavelength
intervals required to match the phototube characteristics,
thus causing a further deterioration of the energy reso-
lution. Moreover it is very difficult to obtain commercial
photubes with a low intrinsic radioactivity of the glass
envelope. The use of SDDs as photodetectors represents
therefore an appealing possibility, since these devices are
characterized by a Q larger than 80% in a wide range of
wavelenghts [27]. In addition, silicon is one of the cleanest
materials from the radioactivity point of view.
To evaluate the energy resolution potentially achievable by
coupling SDDs to scintillating crystals, we must consider
the additional contribution of the noise of the measure-
ment chain:
R(FWHM) =
√
R2stat +R
2
noise = 2.355
√
1
Q ·Nph +
ENCe
2
2Q ·N2ph
(5)
where ENCe is the equivalent noise charge of the electronic
chain and Nph is total number of photons emitted by the
scintillating crystal after an energy deposition. A com-
petitive detector therefore requires to reduce as much as
possible the term Rnoise. In practice, one should keep
this term at least within a tenth of the statistical one:
ENCe =
√
Q ·Nph/10 =
√
0.8 · 30000/10 = 16 e−rms,
where a LY of 10,000 ph/MeV at an energy of 3 MeV
has been considered. This value of ENCe is quite demand-
ing but is within reach of presently available technology,
as we will discuss in the following Section.
Another possible approach that can be adopted to
readout the signal emitted by the scintillating crystals is
the use of a different solid state device: the Silicon Photo-
multiplier (SiPM). The optimization of this photodetector
Table 3. A selection of ββ0ν candidates contained in available
scintillating crystals. The range of expected half-lives for an
effective mass |〈mββ〉| of 10 meV is reported.
Isotope T 0ν1/2(10meV) Available
[1027 y] scintillating crystals
48Ca 7− 100 CaF2, CaWO4, CaMoO4
100Mo 1− 9 CaMoO4, ZnMoO4
116Cd 3− 10 CdWO4, CdMoO4
had a strong development in the last few years. The noise
induced by such type of device operated at low tempera-
tures is negligible; on the other hand the main limitations,
at the moment, are given by the lower quantum efficiency
with respect to the SDDs (due to the larger dead lay-
ers that are actually needed to realize a “large” surface
detector) and by the strong non linearity that can be ob-
served when measuring a large number of photons (due to
the intrinsic avalanche signal production in a single cell).
Since the optimization of SiPM is expected to continue in
the future, it is not excluded that also these devices will
became suitable for a rare event search with the same per-
formances that we point out in this paper for the SDDs.
4.1 Silicon Drift Detectors as photodetectors
The keystone for the success of the proposed technique is
the achievable noise performance of the SDD detectors.
Considering a solid state device with capacity Cd coupled
to a charge preamplifier with input capacitance Ci and se-
ries noise 〈e2w〉, the equivalent noise charge can be written
as [28]:
ENC =
[
k1 · 〈e2w〉 · (Cd + Ci + Cp)2
τ
+ k3A1/f (Cd + Ci + Cp)
2 + 2k2qIlτ
]1/2 (6)
where Cp is the parasitic capacitance between the detector
and the amplifying circuit, Il is the leakage current both
at the input of the gate of the FET preamplifier and of the
solid state detector, q is the electron charge (1.6×10−19 C),
and τ is the shaping time of the acquired signal. k1, k2 and
k3 are parameters related to the type of shaping form used
in the electronic chain (Gaussian, triangular, trapezoidal,
etc.) – at this level all of them can be assumed of unit
value, also in view of a possible application of an opti-
mum filter procedure [28] as it is actually done in many
experiments. The three terms in the ENC expression are
the so called series noise, 1/f noise, and parallel noise, re-
spectively. As the above formula shows, the achievement
of low levels of ENC requires a careful design and selection
of all components: the detector, the amplifier front-end,
and the coupling between the two. In particular:
• The contribution of the 1/f noise can be kept at neg-
ligible levels compared to the other terms through a
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proper choice of the input device for the preamplifier
(for example, a JFET) [29].
• SDDs are characterized by a very low capacitance Cd
of the electrode collecting the signal charge [30], typi-
cally of the order of 0.5–1 pF/cm2; moreover, the front-
end electronics can be integrated directly on the same
wafer of the photodetector [31], thus minimizing Cp.
• The leakage current is one of the most critical param-
eters. Its value is related to the size of the solid state
detector and is approximatly proportional to the area
of the detector. Typical values at room temperature
are of the order of 1 nA/cm2 for many silicon devices.
Since a desirable order of magnitude for the detector
surface – to collect the light from a scintillating crystal
devoted to ββ0ν search – is of tens of square centime-
ters, this would result in a leakage current of several
nA that would spoil the ENC. On the other hand, mea-
surements on SDDs [27] show a marked decrease in the
leakage current with decreasing temperature. In prin-
ciple this decrease should have an exponential trend:
therefore the leakage current could become negligible
by reducing the operating temperature, although car-
rier freeze-out sets a lower limit around 77 K [32]. An
extrapolation below −25 ◦C of the experimentally ob-
served behaviour of Il in SDDs shows that a working
temperature around 120 K should be enough to have
a leakage current as low as 10−14 A per cm2, value ob-
served for many semiconductor devices at this temper-
ature. Moreover, at low temperatures also the leakage
current of the input JFET of the preamplifier becomes
negligible: therefore it is advantageous to place this
component at the cold stage of the experimental set-
up too. Another advantage of placing both the detector
and the preamplifier in close vicinity is that the par-
asitic capacitance Cp can be reduced to small values
(Cp ∼ 0.5 pF) therefore diminishing its contribution to
the first two terms of ENC.
• The series noise of the preamplifier is given by: 〈e2w〉 =
2kBTα/gm where kB is the Boltzmann constant, T is
the operating temperature, gm is the transconductance
of the input JFET, and α=0.7 for an ideal JFET. The
value of the transconductance increases with the JFET
area, therefore by increasing the size of the device it
is possible to achieve a sensible reduction of 〈e2w〉. On
the other hand this would cause an increase of both the
leakage current and of the input capacitance Ci. Also
in this case a low operating temperature [28] helps the
optimization of the device geometry keeping a small
area to reduce Il and Ci while controlling 〈e2w〉 with a
proper choice of the working temperature, thus achiev-
ing a reduction of the total ENC. Typical values of 〈e2w〉
at temperatures of about 120-150 K are of the order
of 10−18 V2/Hz while for the input capacitance we can
assume Ci ∼ 1 pF.
In conclusion, an SDD of 1 cm2 operated at a temperature
of about 120-150 K and coupled to a JFET closely placed
are a viable solution for reading out the light emitted by a
scintillating crystal with high resolution. To evaluate the
expected total noise ENCe associated to such an electronic
chain we can choose a shaping time of about 50 µs, an
acceptable value for the typical decay times of inorganic
scintillators, especially at low temperatures [26]. With this
selection of τ , together with the values of the capacitances,
〈e2w〉 and Il just inferred, the contributions of the series
and of the parallel noises to the total ENCe are comparable:
ENCe =
ENC
1.6× 10−19 =
√
8× 10−38 + 1.6× 10−37
1.6× 10−19
= 3.1 e−rms
(7)
This level of noise is for one solid state photodetector
of 1 cm2 of total area. On the other hand, for applica-
tions which need to cover large areas with light sensitive
detectors – like the one proposed in this paper – big-
ger size SDDs would be necessary. A possible solution –
which may have additional advantages for background re-
duction, as discussed later – is to use several indepen-
dent small area SDDs to cover completely the surface
of interest. The use of SDDs for segmented readout has
already given interesting results for γ and X-ray detec-
tion [33,34,35]. A segmented optical readout has the ad-
ditional benefit of keeping small drift times within each
SDD, i.e. the time needed by the charge generated in-
side the SDD by an optical photon to reach the collect-
ing anode. This parameter influences mainly the time re-
sponse of the SDD. On the other hand, the number of
SDDs (NSDD) used to readout the emitted scintillation light
has to be included in the evaluation of the overall energy
resolution: assuming ∼ 40 SDDs per detector (see later),
the additional contribution to the resolution amounts to√
NSDD×ENCe =
√
40×3.1 ∼ 19.6 e−rms, very close the ini-
tial goal of 16 e−rms, and looks indeed extremely promis-
ing.
4.2 Scintillating crystal choice
Among the different scintillating crystals listed in Table 3,
CaMoO4, CdWO4, and CaF2 look very promising to build
large scintillation detector arrays devoted to rare event
searches. Their main physical properties are listed in Ta-
ble 4. In order to give relevance to the discussion, in the
following we will refer to CaMoO4 crystals, even if it is
clear that similar considerations are valid also for CdWO4,
CaF2, and in general for any scintillating crystal with ad-
equate physical properties.
CaMoO4
CaMoO4 is an intrinsic scintillator with a high molybde-
num content (48% in mass), thus extremely attractive for
the search of the ββ0ν of 100Mo, which in turn is one of
the most interesting isotopes because of its high transition
energy and relatively high natural isotopic abundance (Ta-
ble 1). Moreover the relatively low Z of CaMoO4 reduces
its efficiency for γ detection, with the largest γ contribu-
tion to counts in the ROI coming from the 3143 keV 214Bi
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Table 4. Properties of CaMoO4, CdWO4, and CaF2(Eu) scintillating crystals. The values at low temperatures are extrapolated
from the cited references. The absorption length is an average value of the many different data reported in the literature.
CaMoO4 CdWO4 CaF2(Eu)
Property 300 K 120 K 300 K 120 K 300 K 200 K
Atomic mass [g/mol] 200 360 78
Density
[
g/cm3
] ∼ 4.3 [42] 7.9 [37] 3.2 [26]
Melting point [◦C] ∼ 1445 [42] 1271 [37] 1418 [38]
Lattice structure Scheelite Wolframite Fluorite
Energy gap Eg [eV] 4.0 [26] 4.2 [26]
Emission maximum λmax [nm] 520 [42] ∼ 530 [36] 480 [37] 480 [26] 435 [38]
Light yield [ph/MeV] ∼ 8900 [36] ∼ 25000 [36] ∼ 18500 [26] ∼ 33500 [26] 24000 [39] ∼ 26400 [40]
Scintillation decay time [µs] ∼ 18 [36] ∼ 190 [36] 13 [37] ∼ 22 [26] 0.9 [39]
Refractive index 1.98 [36] 2.2-2.3 [37] 1.44 [39]
Absorption length [cm] ∼ 60 ∼ 60
line (238U decay chain, branching ratio: 0.0012%). Also
the thermal neutron cross section is very low, while the
only dangerous cosmogenic background is the β+ decay of
88Y (Qβ+ = 3.62 MeV) – produced by spallation on
100Mo
– which anyway has a short half-life (τ1/2 = 106.6 d). On
the other hand, among the variety of inorganic materials
containing Mo, CaMoO4 shows a relative brighter scintil-
lation at room temperature, which increases with lowering
the operating temperature.
Concerning the intrinsic radiopurity level attainable in
CaMoO4, recent efforts on the careful check of all raw
materials needed for the crystal growing as well as a close
control of all crystallization steps have allowed to reach
internal concentrations as low as 10µBq/kg for both 238U
and 232Th [41]. Another important feature of CaMoO4 is a
measured QF of 0.2 [42], which prevents the dangerous al-
pha background from contributing to the ROI. Moreover,
CaMoO4 offers a pulse-shape discrimination (PSD) capa-
bility between γ/β events and α particles, which is very
useful in the understanding and reduction of background
spectra (see later): in [42] the demonstrated discrimination
capability was at the level of ∼ 90%, but it was recently
measured to be higher than 99.9% [41].
A drawback in the use of natural CaMoO4 as detec-
tor for the search of the ββ0ν of 100Mo is the presence of
the isotope 48Ca, which is also a ββ0ν candidate with a
high transition energy (see Table 1). Despite its very low
isotopic abundance, the expected count rate due to the
continuous spectrum of the ββ2ν of 48Ca in the ROI (∼
50 keV) of 100Mo is at the level of∼ 10−2 counts/(keV·kg·y).
This must be taken into account when conceiving a ββ0ν
experiment aiming at exploring the IH region of the neu-
trino mass spectrum. In this respect, recent developments
in the production of 40Ca100MoO4 crystals, isotopically
depleted in 48Ca and enriched in 100Mo, with scintillation
properties very similar to those of the natural crystals [43]
already offer a viable solution to this problem.
5 Expected detector performance
A prototype detector single module to prove this new mea-
suring technique can be conceived as made of a cylindri-
cal scintillating crystal with the two flat circular surfaces
optically coupled to two arrays of SDD photodetectors.
Scintillating crystal indicative dimensions could be 5 cm
of diameter and 6 cm of height. We imagine each crystal
to be laterally covered with a reflective sheet or paint to
improve the light collection, and coupled to the SDD ar-
ray by means of a suitable optical grease. Given the above
crystal dimensions, about 40 exagonal SDDs of ∼1 cm2
of area are needed to completely cover the two circular
surfaces of the cylinder2.
To evaluate the expected energy resolution of a single
detector module, besides the contributions of the statis-
tical term and of the electronics noise, it is necessary to
take into account also the capability to collect all the gen-
erated photons on the entrance window of the solid state
photodetector. For this purpose, a dedicated Monte Carlo
simulation based on the GEANT4 toolkit [44] was devel-
oped with the main goal of understanding the dependence
of the photon collection efficiency on the type of coupling
to the scintillating crystal. In the simulation, the scin-
tillator is described as a cylindrical crystal of CaMoO4
with the above dimensions and the characteristics listed
in Table 4. The lateral crystal surfaces can be chosen to be
polished or covered with reflecting materials to vary the
probability that a photon is refracted outside the crystal
and then lost. On the two circular surfaces of the cylin-
der it is possible to put a coupling layer of 0.1 mm of air
(refraction index 1.003) or optical grease (refraction index
1.6) and, additionaly, a SDD detector with a refraction
index of 1.45 and the Q shown in Fig. 3. The prelimi-
nary simulation results are reported in Table 5. They show
that the fraction of collected light is strongly enhanced by
the presence of a grease interface between the crystal and
the silicon device and by the covering of the lateral crys-
tal surfaces with a diffused reflector. The fraction of pho-
tons generated inside the CaMoO4 crystal which reach the
SDD photodetector seems very close to 60% (including the
SDD Q), roughly confirming data available in the litera-
2 The optimization of the number of photodetectors per crys-
tal surface as well as of the area of the single SDD must be ad-
dressed on the basis of the measured performance of the solid
state detectors.
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Table 5. Fraction of revealed optical photons depending on the type of crystal lateral surface treatment and on the kind of
coupling to the scintillating crystal.
CaMoO4 Coupling layer: Coupling layer: Coupling layer:
lateral surface treatment AIR GREASE GREASE+SDD
Polished 0.126 0.315 0.252
Polished with specular coating 0.125 0.312 0.254
Polished with specular wrapping 0.125 0.311 0.252
Polished with dffusive coating 0.361 0.692 0.562
Polished with dffusive wrapping 0.126 0.312 0.255
Fig. 3. Quantum efficiency reconstruction from [27] for a SDD
solid state detector.
ture [45]. These results can be further optimized by using
a more precise design of the photodetectors, of the opti-
cal coupling to the scintillator, and of the crystal lateral
surface treatment. Finally, the FWHM resolution attainable
at an energy of 3 MeV with the conceived single detector
module operated at 120 K can be evaluated as:
R(FWHM) =
√
R2int +R
2
stat +R
2
noise
' 2.355
√
1
αphNphQ
+
NSDDENC
2
e
α2phN
2
ph
2
Q
= 1.15%
(8)
where αph ∼ 70% is the light collection efficiency just dis-
cussed, Nph ∼ 75,000 is the total number of photons gen-
erated inside a CaMoO4 crystal operated at 120 K after an
energy deposition of 3 MeV, Q ∼ 80% is the SDD quan-
tum efficiency, and
√
NSDD×ENCe ∼ 20 e−rms is the equiv-
alent noise charge value calculated above. In the general
expression of the total FWHM resolution it has been intro-
duced also the contribution of Rint which is the intrinsic
resolution of the scintillator and is related to several ef-
fects, like inhomogeneities due to the local variation of the
light output in the scintillating crystal, variations of the
reflectivity of the diffuse reflector surrounding the scin-
tillator, as well as non-proportionalities of the scintilla-
tor response [46,47]. At the energies of interest for ββ0ν
searches (∼ 3 MeV) the contribution of Rint can be com-
pletely neglected, but this assumption must be verified at
energies lower than 1 MeV. Therefore the predicted FWHM
resolution at 3 MeV of a CaMoO4 detector coupled to 40
SDDs which read the scintillation light is of about 37 keV:
this is a very good value indeed, that allows the minimiza-
tion of the 100Mo ββ2ν contribution to the ROI as well
as a real discrimination capability of the expected ββ0ν
sharp peak over the background events.
The attainable time resolution of such a detector mod-
ule is directly connected to the scintillation decay time
constant and the total photon emission (Hyman theory
[48]) through: t2 = 2τrτdN(t)/Nphe where N(t) is the to-
tal number of photoelectrons needed to overcome the trig-
ger threshold, Nphe is the total number of photoelectrons
collected by the photodetector, τd is the scintillator de-
cay time constant, and τr is the photodetector rise time.
In the case of SDDs, τr is the time needed to drift the
electrons towards the anode (∼ 1µs). Therefore, using the
the data reported in Table 4 for CaMoO4 at a tempera-
ture of 120 K, and assuming a threshold six time larger
than the evaluated rms noise of 20 e−, a time resolution
of ∼ 1µs can be expected (for 1 MeV energy deposition),
completely dominated by the SDD drift time.
Finally, an additional potentiality of this type of de-
tectors is the possibility of reconstructing the event topol-
ogy by exploiting the segmentation of the light readout.
In principle the photodetector matrix placed on the scin-
tillator circular surfaces should be able to distinguish a
single-site event (like the energy deposition by electrons,
as in the case of ββ0ν) from a multiple-site event (like
an energetic γ interaction) of similar energy. Preliminary
Monte Carlo simulations – which do not include the op-
tical photon propagation yet – showed that among the γ
interactions of initial energy equal to 3 MeV depositing the
whole energy in a single CaMoO4 crystal, only 30% would
be labelled as single-site event if the threshold distance for
distinguishing a multiple-site interaction is set equal to 10
mm; this fraction becomes as low as 14% if the minimum
detectable inter-site distance is 5 mm. These results are re-
ferred to interactions of single γs of 3 MeV: the abatement
fraction of the multiple-site events may increase when the
3 MeV energy is deposited by coincident γs (e.g. coming
from the 232Th and 238U chains or from showers caused
by muons interacting in the external shielding). These are
very preliminary remarks: if confirmed they would open
new background discrimination opportunities for this type
of detectors.
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Fig. 4. Array of 108 CaMoO4 scintillators (left). Possible con-
figuration of the SDD matrix to be otpically coupled to each
circular surface of every detector (right).
6 A prototype array of high performance
scintillation detectors for ββ0ν searches
In this Section we investigate the expected performance
of an array of CaMoO4 detectors with SDDs’ light read-
out for the search of the ββ0ν of 100Mo. We suppose the
full detector to be composed by 108 CaMoO4 cylindrical
crystals, 5 cm of diameter and 6 cm of height, arranged in
four layers of 27 single modules for a total mass of 54 kg.
We will consider two options: i) an array of 108 natural
CaMoO4 crystals, and ii) an array of 108
40CanatMoO4
crystals, isotopically depleted in 48Ca. Each scintillator is
laterally covered with a reflective sheet or paint to improve
the light collection. The two circular surfaces of every
cylindric crystal are optically coupled to an array of ∼ 20
SDD light sensors each. The 27 single detectors of any
layer are lying side by side and mechanically supported by
a thin copper grid with teflon gaskets. The tentative de-
sign is shown in Fig. 4. The full structure can be enclosed
in a 5 cm thick cylindrical copper cryostat of ∼ 45 cm of
diameter and ∼ 50 cm of height. The Cu vessel is vac-
uum tight and the operating temperature of 120 K can be
provided by an external cryocooler thermally coupled to
the detector array. This very simple experimental set-up
already reflects many of the shrewdnesses required by a
careful background control strategy. In fact, the only ma-
terials in close contact with the detectors are high-purity
copper, teflon, and silicon, besides the wiring. The whole
set-up can be surrounded by at least 20 cm of lead to shield
the experiment from the environmental radioactivity. We
imagine this experimental set-up to be located at the Lab-
oratori Nazionali del Gran Sasso, Italy, where an average
rock overburden of ∼ 3600 m.w.e. shields the experiments
from cosmic rays.
In order to reach a competitive sensitivity in a ββ0ν
search, as already discussed, it is extremely important to
remove any spurious source of counts from the ROI. This is
a tricky task, which absorbs most efforts of any experimen-
tal programs. Main sources of background are: i) radioac-
tive contaminations of the detector and of the experimen-
tal set-up; ii) environmental muons, neutrons and gam-
mas; iii) cosmogenic activation of the detector and set-up
materials. The main strategies for background control in-
clude a careful selection of the construction materials, spe-
cial treatments for reducing surface contaminations of the
elements close to the detectors, adequate shielding against
environmental sources, and limited exposure to cosmic
rays during construction and transportation. The above
conceived experimental set-up already addresses many of
these requests. A GEANT4-based Monte Carlo simulation
of the whole experimental set-up was performed to inves-
tigate the effect of the possible background sources on the
ROI count rate. In the code, all detector elements can act
as a radioactive source with the bulk and surface contam-
inations independently simulated; for the surfaces, differ-
ent contamination depths can be chosen. The following
possible sources have been considered in the simulation:
• 232Th and 238U bulk contaminations of the CaMoO4
crystals and of the Cu (holder + tank). Although in the
natural radioactive chains there are no intense γ lines
above 2.615 MeV, the presence of the two β active iso-
topes 208Tl and 214Bi – with total decay energies of
4.999 MeV and 3.270 MeV, respectively – could re-
sult in a substantial contribution to the ROI count
rate through coincident β/γ emissions. Moreover, Bi-
Po sub-cascades in both 232Th and 238U chains – 212Bi
(τ1/2 = 60.6 m) β decay to
212Po (τ1/2 = 299 ns), and
214Bi (τ1/2 = 19.9 m) β decay to
214Po (τ1/2 = 164.3µs),
respectively – are of even greater concern, since the
“quenched” α energy from the Po isotopes sums to
the energy of the β emitted by the parent Bi (because
of the very short Po half-life), thus contributing with
a continuum spectrum to the ROI. The assumed bulk
contamination limits for copper are available in [49].
For the CaMoO4 crystals bulk, we have assumed the
contamination levels reported in [42]. This is a very
conservative assumption since there are promising pu-
rification methods of the raw materials needed for the
crystal growing which allow to reduce the intrinsic ra-
dioactivity of the scintillators, as already demonstrated
in [41].
• 232Th and 238U surface contaminations of the CaMoO4
crystals and of the Cu (holder + tank). Surface con-
taminations very often exceed the background coming
from the bulk of the materials, even in the most ra-
diopure ones: this is supposedly caused by the mechan-
ical and/or chemical treatments of the materials which
may contaminate the surfaces or leave them in a highly
reactive chemical state. The impact of surface contami-
nation on the background depends on the contaminant
and on the depth of the contaminated layer: a depth of
10µm has been considered for both the CaMoO4 crys-
tals and the copper surfaces. The contamination limits
for Cu are taken from [49], while for CaMoO4 we have
assumed the same limits of TeO2 in [49].
• 232Th and 238U bulk contaminations of the external
Pb. This part of the experimental set-up is placed
quite far from the detectors, but it may contribute to
the ROI count rate through energetic γs from 214Bi
and 208Tl (with very low probabilities) or coincident
γs coming from both natural chains. The probability
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of such summing becomes negligible as the distance of
the emitting source from the detectors increases.
The results of the simulation are presented in Table 6:
they have been obtained with the detectors operated in
anticoincidence 3 and by assuming a QF=0.2 for the α par-
ticles in CaMoO4. The time resolution of the detectors has
been fixed at 1µs, the FWHM resolution at (conservatively)
50 keV and the threshold for anticoincidence rejection at
50 keV.
The limits reported for the crystals in the last column
of Table 6 are obtained with the aid of the α/β pulse shape
discrimination in CaMoO4 or by exploiting the technique
of delayed coincidences within 232Th and 238U radioactive
chains. In particular:
1. 208Tl β decay (τ1/2 = 3.05 m) induced background can
be strongly reduced by tagging the α particle emitted
by the parent nucleus 212Bi (α decay branching ratio is
36%): the dead time resulting by vetoing of the detec-
tor for ten half-lives of 208Tl after every 212Bi α decay
is negligible (< 0.5%).
2. The background induced by 214Bi β decay (branching
ratio = 99.98%) can be strongly reduced by tagging the
α particle emitted by its daughter nucleus 214Po: the
dead time resulting by the removal from the recorded
spectrum, of the data segment acquired during the ten
214Po half-lives previous to each α decay is completely
neglectable.
3. The α+β pile-up events of the 214Bi→ 214Po cascades,
given the good time resolution of the detectors, can be
resolved in 99% of the cases.
4. Since the 212Po half-life is much shorter than the time
resolution of the detectors, we have assumed to be able
to reject 99% of the α + β pile-up events of the 212Bi
→ 212Po cascades thanks to the α/β pulse shape dis-
crimination.
As Table 6 shows, with the highly performing detectors
proposed in this paper the overall background expected in
a ROI of 50 keV centered around theQββ of
100Mo is at the
extremely encouraging level of 10−4 counts/(keV·kg·y).
This implies that in the hypothesis of an array of 54 kg
of natural CaMoO4 detectors, the limiting background is
the unavoidable ββ2ν continuous spectrum of 48Ca (about
10−2 counts/(keV·kg·y)). Even in this case, it is thus pos-
sible to reach a sensitivity of ∼ 1024 y on the half-life of
the ββ0ν of 100Mo in only one year of data taking at the
Gran Sasso Underground Laboratory – to be compared
with the presently available limit on 100Mo (1.1 × 1024 y
[50]).
In the hypothesis of an array of 54 kg of 40CanatMoO4
crystals (isotopically depleted in 48Ca) operated in the
same conditions, the estimated sensitivity on the half-life
of 100Mo ββ0ν after one year of data taking is ∼ 1025 y.
3 This configuration allows to reduce the background counts
by selecting only the events that deposit all their energy in a
single crystal, as it would happen for a ββ0ν event. Detailed
simulations have shown that the containment efficiency of a
ββ0ν event by a CaMoO4 crystal with dimensions similar to
those conceived in this paper is ∼ 83%.
This shows the tremendous potential of the proposed tech-
nique.
7 Other physics measurements with CaMoO4
A ββ0ν experiment capable of reaching a high enough
sensitivity to deeply explore the IH region of the neutrino
mass spectrum will require a mass of the candidate iso-
tope of the order of (or higher than) 1 ton. With an array
of CaMoO4 detectors of this size, interesting topics other
than ββ0ν studies may be at reach.
Dark matter may be investigated through the study of the
modulation signal. The achievable energy threshold can be
evaluated by considering the global light emission of the
CaMoO4 crystals operated at low temperatures coupled to
the low electronic noise obtainable with the proposed SDD
approach. As reported in the previous paragraphs, we es-
timate a global ENC around 20 e−rms in normal operating
conditions, which means an estimated charge threshold
around 100 e− considering a Gaussian distribution of the
noise fluctuations. Taking into account the photon collec-
tion efficiencies reported in Section 5, it is possible to es-
timate an energy threshold of about 6-7 keV. This thresh-
old value together with the large detector mass and the
low background requested by the ββ0ν experiment, make
the proposed CaMoO4 detector suitable for a competitive
Dark Matter experiment.
Neutrino oscillations and neutrino-nucleus interactions
can also be studied through the scattering off Mo nuclei.
Molybdenum isotopes, in fact, are a good target for neu-
trino interactions. The first suggestion of using a charged
current reaction on 100Mo to detect solar neutrinos dates
back to the year 2000 [51] with a proposal of using a 100Mo
based detector (MOON experiment) both for ββ0ν and
real-time solar neutrino studies. Recently charged current
neutrino reactions on different Mo isotopes have been dis-
cussed [52] in view of their use for the detection of su-
pernova neutrinos or for the study of neutrino-nucleus
interactions, as suggested in [53]. As an example of the
potentialities, with the cross sections calculated in [52] for
neutrinos of ∼ 1 MeV scattering off 100Mo nuclei, an in-
teresting interaction rate of ∼ 0.4 d−1 is expected already
on the 54 kg natural CaMoO4 crystals array (discussed in
Section 6) using the nominal rate for a 51Cr νe source of
370 PBq - like the one proposed in [54] - at 1 m distance.
Obviously this rate will scale linearly with the number
of 100Mo nuclei, so a proportionally stronger signal is ex-
pected by increasing the detector mass and/or by isotopi-
cally enriching the CaMoO4 crystals.
8 Conclusions
In this paper we have discussed a new powerful technology
for ββ0ν searches with the potentialities of achieving zero
background in the region of interest. Adequate radiopure
scintillating crystals coupled to low noise SDD photode-
tectors result in a detector module with all the demand-
ing characteristics required by future ββ0ν projects: high
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Table 6. Monte Carlo simulated contribution of the various background sources to the energy region centered on 100Mo Qββ
for the full detector array (108 CaMoO4 detectors). The limits in the last column are obtained by applying off-line rejection
analyses, as explained in the text.
Background source Source Background in ROI Background in ROI
activity (after off-line analysis)
[counts/(keV·kg·y)] [counts/(keV·kg·y)]
232Th in CaMoO4 bulk < 40µBq/kg < 3× 10−1 < 3× 10−4
238U in CaMoO4 bulk < 130µBq/kg < 1× 10−2 < 1× 10−5
232Th on CaMoO4 surface (10µm deep) < 2× 10−9 Bq/cm2 < 8× 10−6 < 8× 10−9
238U on CaMoO4 surface (10µm deep) < 8× 10−9 Bq/cm2 < 1× 10−6 < 4× 10−7
232Th in Cu bulk < 2µBq/kg < 1× 10−5
238U in Cu bulk < 65µBq/kg < 2× 10−5
232Th on Cu surface < 3× 10−8 Bq/cm2 < 8× 10−5
238U on Cu surface < 3× 10−8 Bq/cm2 < 4× 10−6
232Th in Pb bulk < 12µBq/kg < 9× 10−6
238U in Pb bulk < 74µBq/kg < 6× 10−6
energy resolution, low cost mass scalability, flexibility in
the choice of the isotope, and powerful tools to make the
background negligible. The proposed concept is therefore
ideal for exploring the Inverted Hierarchy region of the
neutrino masses, since it allows the measurement of very
large detector arrays in quite simple experimental setups.
The moderate cooling required and the flexibility in the
scintillating crystal choice make this approach extremely
interesting for many other applications as well. In partic-
ular, the CaMoO4 detector array discussed in this work
not only can yield competitive results in the ββ0ν search
of 100Mo but can also be used for the study of neutrino
oscillations and scattering and of dark matter annual mod-
ulation, for a high sensitivity multipurpose experiment.
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